This paper advances a model to explain the total factor productivity in
Introduction
From pre-historic times man has undertaken to store, recollect, and process information as a source of value. Starting from image carving in stone walls to today's digital technology, the information is handled in a number of ways [24] . The ICT revolution is crucial insofar as it involves technologies geared to the production and dissemination of knowledge and information. These new technologies, that first emerged in the 1950s and then really took off with the advent of the Internet, have breath-taking potential [15] . ICT has affected agriculture, industry and services sectors of economies world over like no other technology in past [2] . Terms like information economy, digital economy, e-economy, weightless economy, paperless economy have been floated over the last 3 decades to term this readily evolving kind of economy. For instance, one of the pioneering works in this regard was a report by [35] . Later, during mid-90s term 'New Economy' was introduced to represent the marvelous growth in software industry in US. In his famous treatise, 'Major Economic Cycles', [30] has pointed out the existence of tides of surging economic activity. These economic cycles are called as 'Kondratiev Waves'. There is growing consensus that the rise of 'New economy' during 1990s and the burst of the 'dotcom' bubble in 2001 can be the 5 th Kondratiev Wave and the stimulus behind it is ICT [30] .
ICT in Asian Region
Asia as one of the densely populated regions of the world has shown high demand for ICT products after the falling prices of ICT equipment during the last quarter of 20 th century. Policy reforms of deregulation and privatization in Asian countries like India, Pakistan, China and Indonesia and has enabled the spread of ICT [39] . A dataset of 24 countries is included in empirical analysis for the time span 2000-2010 depending on the availability of data. 
Literature Survey
Studies at macroeconomics level showing the impact of demographic factors and ICT on TFP are, to our knowledge, scarce. [20] explore the ICT-productivity relationship in Spanish firms. Their innovation was to introduce a set of organizational variables (workers' qualifications, management attitude and process innovation) which would support the ICT to have its impact on organizational productivity. Their findings affirm the role of (organizational) complementary factors in strengthening the ICT-productivity relationship. A handful of studies conducted for Asian region disclosed the need for e-skills, ereadiness and e-competence of human resource. Traits like attitude towards and believes about ICT are also researched. These studies have tried to explain the ICTproductivity nexus using this human capital related framework [5] and [17] . But for Asian region, the demographic factors along with ICT have not been incorporated in the empirical analysis. Other explanations have also been given for the fuzziness of ICTproductivity relationship. For example, [4] argues that lags between implementation of ICT and their effect on productivity. In effort of spiraling down to main debate, this study suggests a newer set of complementary factors including demographic factors and welfare related factors. In this study, complementary factors are divided into two major categories and are explained below:
Demographic Features
From demographic point of view, a few factors are listed and explained in the light of existing empirical literature.
Economically Productive Youth
Youth, here, refers to age group that is capable of contributing to production in an economy. The salient trait of Asian region (especially the developing countries) is the young population which implies potential human resource as revealed by population pyramids and their forecasts. Asian Miracle is considered an outcome of the young population in East Asian countries [9] . Such population combined with ICT can increase productivity. Younger people adopt the internet more as compared to older people [22] . [1] also found similar results for youth. In relatively advanced countries like those in Europe young population that uses the advanced ICT for recreational and economically productive purposes is termed as digital natives' [18] . Age and gender are previous related with ICT by [34] . Authors examine the patterns of IT in five countries, considering the deviations in IT usage across gender, education, age and income groups. This study hypothesizes a certain age cohort to be relatively more productive that is termed as 'digitally productive' group of population. [19] inquire the difference between access to ICT in rural and urban areas of Tanzania and find no significant difference. This opens the debate for inquiring the impact of urban-rural population in a country in relation with ICT adoption. Under the theory of agglomeration economies, greater urban area and population is considered to be an advantage to a country. Therefore, the population/labor in urban areas is relatively more productive than population in non-urban areas. Increased usage of ICT by such 'more productive' population can become a cause of increased productivity.
Urban Population

Welfare Related Factor: Human Development Index
A population with higher HDI (higher education, better health and good standard of living) is hypothesized to be more productive user of ICT. Empirical literature in this direction is very limited. [32] finds similar results for West African countries. While [1] Here, TFP is total factor productivity calculated as the contribution of all other factor to national income in addition to labor and capital. T t is vector of time dummies, Ω their respective coefficients and ε i,t is the error term. i shows countries and t years. Arithmetically speaking:
For an overall representation of ICT Information & Communication Technology Maturation Index (ICTMI) is used. ICT goods imports as % total goods imports (ICTM) is used as an 'external instrument' as suggested in [38] . For the complementary effects, ICTSERT is calculated as the product of ICT and SERT. Following [6] 'tertiary school enrollment (% gross)' (SERT) is used as a proxy of human capital. In lieu of 'secondary school enrolment' (SERS), SERT is preferred cause people with higher levels of education enrolment are more intensive and economically productive users of ICT. SERT is also justified as higher levels of education invites greater 'ICT diffusion' in the economy and augments ICT-productivity nexus [13] . For the complementary effects arising from demographic features of sample countries, p1564 (population with at between 15 and 64 years) and URBNP (%age of urban population) are included. Welfare related complementarity is investigated using HDI (Human Development Index).
Probing for Endogeneity -DurbinWu-Hausman Tests
Since endogeneity is expected in the estimable model, the Durban-Wu-Hausman tests for endogeneity in IV regressions is employed as follows: 
Decision on Using IV Regression or GMM -IV-Heteroskedasticity Tests
As per [7] , GMM gives more efficient estimates as compared to simple Instrumental Variables (IV) Regression when heteroskedasticity exists. In presence of heteroskedasticity, GMM estimator is a better estimator. These tests are as follows: Mileva (2007) , SGMM is applied on model with arguments small, twostep and robust.
Interpretation
The total factor productivity model estimations reveal the existence of relationship between ICT and TFP hinged upon the demographic complementary factors. Lagged value of total factor productivity is positively related with its previous values, revealing the dynamic behavior of the variable. Hence gives rise to a dynamic panel model. Its statistical significance is at all levels. The main variable of interest is ICTMI that has a positive influence on TFP (total factor productivity) as depicted by its positive sign of regression coefficient that is statistically significant. ICTSERT (ICT×SERT) is also used in the regression which captures the interaction of ICT and school enrolment rate at tertiary level. This coefficient also has a significant and positive influence on TFP. This implies that ICT has complementarity with tertiary level of education. In simpler terms, highly educated users (labor) of ICT are economically more productive labor. Statistical significance of this regressor is only at 10%. The proxy for economically active youth, population aged between 15-64 years is also included. The meaning of young population here is in terms of their contemporariness to ICT and physical and mental fitness to adopt and use ICT. It shows a positive relationship with total factor productivity. It is institutive as young labor force is more ICT-savvy. 'ICT-savvy' means proficient user of information and communication technology. Statistically significant is absent for this variable.
Another fragment of population that is likely to be relatively more productive is the urban population. Population in urban areas gets better education and job opportunities due to urbanization economies. Urbanization economies contain benefits like proximity of markets, skilled and more educated labor, financial services, better information and communication facilities and knowledge spillovers. Considering these facts, this demo-tech-TFP regression includes urban population (URBNP) as demographic factor. This regressor is showing positive influence on total factor productivity and supporting the argument of urbanization economies. Its statistical significance is at 1% level of significance. In an economic jargon, this coefficient indicates towards 'ICT-augmented agglomeration economies' in large urban areas. This term is devised from the standard term of agglomeration economies. Human welfare can also contribute to total factor productivity. Accordingly, HDI is included as a determinant of TFP. Its role turns out to be positive and statistically significant. The result for this regressor is quite intuitive. Its positive role is justified on the basis of its three tiered role i.e. health (life expectancy), educational inclination and economic performance of country. All three components of HDI, in presence of ICT, contribute better towards TFP. In another connotation, labor with higher welfare and ICT is likely to be more productive. In addition to regressors, time dummies as also estimated to overcome the problem of cross-sectional dependence and to cope with universal time-related shocks from ε i,t [40] . Overall significance of the model is agreeable at 1% level of significance as revealed by F-test of joint significance. The condition that number of observations is greater than number of instruments holds in this case i.e. C-test developed by [8] and [37] for the validity of subsets of instruments for level and difference equations are also satisfactory. These tests are four in number and have same criteria, i.e. the p-value should be greater than 0.05: There is not enough evidence to reject the null hypotheses set in these four tests of difference-in-Hansen/C-tests.
Conclusion
From empirical results, it is deduced that demographic and welfare related factors complement the ICT-TFP relationship. The expectation that ICT alone may not ameliorate TFP is affirmed by our analysis. Complementary factor such as population in large urban areas is found to enhance the ICT-TFP relationship. Such digitally literate population is found to be economically more productive. Similar implications are found for age cohort of population that is economically active. More specifically, it is affirmed that populations with higher level of HDI (education, health and living standards) are better able to use ICT for productive purposes contributing to national income. The innovative model developed in this study explains TFP from the point of view of ICT, demography and welfare levels.
Recommendations
Findings in this study related to HDI shows that merely throwing ICT at the disadvantaged populations/regions shall not bring the desired result of increased productivity. For that the funding agencies have to embed these ICT development programs with awareness campaigns so as to enable the target population for the economically productive usage of ICT equipment. For instance program of ICT4D (Information and Communication Technology for Development) faces issue of poor infrastructure, low illiteracy and poor health in implementing the ICT-based development projects in disadvantaged regions like Africa. For more see Heeks (2002) . As highlighted in the empirical analysis of this study youth, combined with ICT diffusion, can contribute to level of productivity. Most of sample countries, have shown greater proportion of youth in total population. Need is to channelize this youth but making them digitally literate so they contribute to national income. In brief this finding of the study suggests a form of manpower planning which focuses the ICT skills to channelize the benefits of favorable demographic features.
